Abstract: An exhaustive bibliography which assesses the methodological rigor of the patient compliance literature, and citation data from the Science Citation Index (SCI) are combined to determine if methodologically rigorous papers are used with greater frequency than substandard articles by compliance investigators. There are low, but statistically significant, correlations between methodological rigor and citation indicators for 138 patient compliance papers
Introduction
Numerous studies have reported positive correlations between citation rates and expert evaluation of subject literatures.' It has also been suggested that citation analysis might be refined to "provide an objective index of the importance of individual publications," to assist the reader in' selecting high quality scientific literature.2 However, in these studies "importance" is neither defined nor analyzed to ascertain which traits contribute to a paper's being judged important. In particular, the extent to which a paper's methodological rigor contributes to its importance as measured by citation frequency has not been investigated. This is of special interest for the biomedical literature, where it has been reported that 80 per cent of 4,500 biomedical papers published between 1950 and 1978 are methodologically deficient. 3 This proportion of deficient to rigorous papers is disturbing, but would be less so if the rigorous papers were used significantly more than substandard papers by the research community.
Patient compliance is defined as the extent to which a person's behavior-taking medication, following diets, or executing other life-style changes-conforms to medical or health advice. In the past 10 years, patient compliance has become an active research area involving medical and behavioral scientists. This study analyzes the relationship between methodological rigor and citation frequency for the patient compliance literature and assesses the utility of citation frequency as an "objective index" of methodologically rigorous compliance articles.
Methodological ratings given to patient compliance articles in a comprehensive, annotated bibliography provide a measure of rigor.4 Citation scores are compiled from the Science Citation Index (SCI) and the Social Science Citation Index (SSCI). Other factors which might influence the relationship between rigor and citation, such as self-citation, the prominence of the journal publishing an article, and study design, are also examined.
Methodological rigor is determined here only relative to the six standards used in the bibliography, standards which do not necessarily apply to other subject literatures. Given any methodological rating, furthermore, a methodologically rigorous paper reporting a trivial result might be less frequently cited than a methodologically substandard paper reporting a seminal result, which is to say that while rigor might contribute to a paper's importance as measured by citation, it does not exhaust it.
Methods
Methodological Score
The authors of the comprehensive 1979 patient compliance bibliography applied six methodological standards to objectively and consistently assess the rigor of patient compliance papers. 4 The rating was designed to facilitate judgments on the reliability of conclusions reported in the articles, assuming variation in the ability of investigators to design, execute, and report research. The six methodological standards are: study design, selection and specification of study sample, specification of the illness or condition investigated, the compliance measure used, description of the therapeutic regimen, and the definition of compliance used. The scoring system is summarized in Appendix Table  1 .
Bonus points were given in some categories if additional criteria were met. For example, under study design a bonus point was given if the sample was an inception cohort studied from onset of disease or initiation of therapy.
The six individual scores for each paper yield a methodological profile, while the total score gives an overall estimate of the article's methodological rigor. The 537 articles in the bibliography report 546 studies (nine articles report two studies). The methodological scores range from 2 to 21 with a median of 9. Citation Score
The SCI and SSCI contain citation data and journal impact factors for most of the compliance articles. A journal's impact factor is a measure of the frequency with which the articles published in the journal have been cited in a given period of time; it is a ratio of citations to citable items which discounts advantages of large journals over small, weeklies over quarterlies, and old over new. The impact factor can be used to assess the influence of the publishing journal's prominence on an article's citation score. To obtain an adequate sample size and to assure that impact factors were available for all journals, compliance articles published in 1975 and 1976 in SCI and SSCI source journals constitute the sample.
Of the 154 patient compliance articles published in 1975 and 1976, 138 (89.6 per cent) appeared in SCI or SSCI source journals. The other 16 articles appeared in 14 different journals and had a median methodological score of 8. The 138 articles (25.7 per cent of the total bibliography) in the sample were published in 79 journals (74.5 per cent of all journal titles in the bibliography). The journals which published three or more articles in the sample are listed in Table  1 .
For each article, all citations from the first four years after publication were compiled to give a total citation score. To determine the effect of author self-citation the total citation scores were adjusted by deleting authors' references to their own articles. To determine the effect ofjournal selfcitation, total citation scores were adjusted by deleting citations to articles where cited and citing article were published in the same journal. Impact factors of journals publishing the articles were taken from the 1975 and 1976 Journal Citation Reports, part of the SCI.
Analysis
Non-parametric statistical tests are used because the distribution of citation scores is not normal. Spearman rank correlations are calculated among total and adjusted citation scores, between total citation score and methodological score, and between methodological score and impact factor of the journal publishing the article.
To further examine relationships between citation and rigor, the sample is divided into low, middle, and high methodological score, citation score, and impact factor classes. The Spearman rank correlation between methodological score and total citation score is .26 (*); between methodological score and impact factor, .27 (*). The correlations between methodological score and the two citation measures are significant but low, indicating a trend associating rigor with citation.
The raw data, cross-tabulating methodological score against citation and impact factor scores, appear in Appendix Table 2 . The result of partitioning the sample into high, middle, and low citation, methodology, and impact factor classes appears in Table 2 . Relatively few papers having a low methodological score are in the high citation or high impact factor classes. Similarly, few papers with high methodological scores are in the low citation or low impact factor classes.
The pairwise comparison of the citation classes based on Kruskal-Wallis rank sums applied to Table 2 reveals the following, where the contrast estimators of the statistically significant differences are given in parentheses. Articles in the high citation class can be expected to have higher methodological scores than articles in the middle citation class (I point higher) and articles in the low citation class (2 points higher). The difference in methodological score between the middle and low citation classes is not significant. Similarly, articles in the low methodological class can be expected to have lower citation scores than articles in the middle methodological class (2 points lower) and articles in the high methodological class (4 points lower). The difference in citation score between the high and middle methodological classes is not significant. Articles in the high impact factor class can be expected to have higher methodological scores than articles in the low impact factor class (2.68 points higher). The middle impact factor class does not differ significantly in methodological score from either the high or low impact factor class.** **Details of this analysis are available on request from the author.
Partitioning the sample into four classes by study design score and calculating the Kruskal-Wallis H statistic yields H = 3.39 (NS, p = .35). There is not sufficient evidence to reject the null hypothesis of no difference among the classes in citation score.
Discussion
One criticism often made of citation analysis is that selfcitation, either by authors or journals, can distort citation counts which, in turn, would distort rankings of articles based on citation frequency. For this sample, self-citations, either author or journal, are a small percentage of total citations. Adjusted scores do not greatly differ from the total score and there is near perfect rank correlation between total and adjusted citation scores. For the patient compliance literature, there is no evidence that self-citation distorts citation scores.
Randomized study design is considered the most rigorous and desirable for clinical research. If rigor contributes to citation score, randomized studies might be cited more frequently than others. There is not sufficient evidence to infer that randomized patient compliance studies are cited significantly more than studies employing other experimental designs.
The coITelations between methodological score and the citation measures, total citation count and impact factor, are positive, statistically significant, but low. There is a trend associating methodological score with citation measures. Compliance investigators do tend to use methodologically rigorous papers more often then substandard papers. However, such low correlations do not warrant using citation score as an indicator or predicator of methodological rigor on a paper-by-paper basis.
Partitioning the sample into high, medium, and low classes based on citation score, methodological score, and impact factor reveals that, for each of the three partitionings, there is a significant difference between the extreme classes. The middle group of articles, however, cannot always be distinguished from the high or low groups. This result is consistent with Virgo's finding that expert evaluators, when asked to pick the most important of two papers, one frequently cited and one infrequently cited, would choose the highly cited paper over 70 per cent of the time.2 Virgo's study did not include "average" papers.
The low correlation between methodological score and the citation measures indicates that citation score would not be a reliable indicator of an individual paper's methodological rigor. The clear differences between high and low groups when the sample is partitioned by citation score, methodological score, and impact factor suggest that citation scores might be developed as crude indicators, providing general guides to the literature for users. Such indicators would need be employed with the caveats that they provide guides to classes of the literature rather than to individual papers, and that there is a substantial "middle class" of literature where they are not helpful.
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